The remaining calcium hydroxide (Ca(OH) 2 ) medicaments in the root canal wall can block the penetration of filling medicaments to the dentine tubule and cause the failure in the root canal treatment. One of the ways in cleaning the root canal wall from the remains of Ca(OH) 2 is by using 18% Ethylene Diamine Tetra Acetic Acid (EDTA) irrigation solution. The cleanliness of the root canal can be examined using the Computational Fluid Dynamics (CFD) analysis. The aim of this research was to see the description of the cleanliness of the root canal wall from the Ca(OH) 2 medicament with 18% EDTA irrigation by means of CFD analysis. This is a descriptive-explorative research. Having been validated with the experimental research using test specimen in the form of block resin made in accordance with the characteristics of root canal, the description of the cleanliness of the root canal wall from the Ca(OH) 2 medicament with the 18% EDTA irrigation was analyzed using CFD method. The irrigation needle used was the side-vented type with the position of 3 mm from the tooth apical. The results of the research showed the conformity between the result of experimental research and CFD research. One of the results of this research was the characteristics of streamline of 18% EDTA in the root canal showing a unique behavior due to the characteristics of the form of side vent irrigation needle. The irrigation flow in the coronal area of the inlet (side vent irrigation needle) showed a low velocity causing the more fluid flowing out from the inlet went to apical rather to the outlet (root canal orifice). In conclusion, this research showed that 18% EDTA solution indicated the conformity of validation results between experimental research and CFD research in the frames of 5, 10, 15, and 20 secs observed from experimental research with the of frame 0,010, 0,099, 0,150 and 0,410 secs as observed from CFD research.
INTRODUCTION
The main aim of root canal treatment is to remove the microorganism in the root canal and to create a disadvantegous environment for the remaining microorganisms to survive.
1 Ca(OH) 2 possesses a good antimirobal activity, and it is able to neutralize the bacterial endotoxin, stimulate the improvement process in the periapical tissues and is used to stimulate the root formation and hard tissues defence in the condition of root and tooth resorption with an incomplete root closure. 2 Ca(OH) 2 medicament must be removed from the root canal wall prior to the filling action to prevent any interference between the filling materials and the root canal wall. Ca(OH) 2 medicament can cause the block of dentin tubule of root canal making the medicament unpenetrated into tubule. 2, 3 The Ca(OH) 2 medicament remaining in the root canal wall can disturb the adhesive properties of filling materials towards the root canal wall and, in long term, it can lead to the failure of root canal treatment. 4 The root canal wall cleanliness from the remains of Ca(OH) 2 is conducted by dissolving Ca(OH) 2 with an irrigation solution possessing the chelating properties in the root canal. 5 18% EDTA solution refers to a solution that functions as a chelating agent in which one of its usages is as an irrigation solution in the end of root canal treatment. This irrigation solution is also used as a lubricant in the root canal and irrigation solution for cleaning the debris and inorganic smear layers after the root canal preparation. Research conducted by PerezHeredia et al. (2008) informed that 15% EDTA solution was able to bind Ca2 + ions from dentinbetter than other chelating agents. 6 Many methods and models have been developed to study the root canal irrigation system; two of which have been done through experimental and computational methods. Computational Fluid Dynamics (CFD) is an analytical method for learning the way to predict the fluid flow, heat transfer, chemical reactions, and other flow phenomena by solving some mathematical equations (mathematical models). [7] [8] [9] [10] [11] [12] [13] [14] [15] Research by Boutsioukis et al. (2009) be gan to introduce CFD model as an approach to evaluate the irrigation flow in root canal. 16 An in-depth understanding of fluid flow characteristics is found difficult to be obtained using an experimental approach, but it can be easily by means of the CFD approach. 11 The CFD application has recently been widely used in dentistry in studying irrigation system on root canal treatment.
14 Based on the information above, this study aims to describe the streamline characteristics using CFD analysis on the flow of 18% EDTA irrigation solution to remove Ca(OH) 2 .
MATERIALS AND METHODS
The preparation of research started by making the tested specimens for experimental research. Here, the tested specimens were in the form of 1 block resin of customized single root canal with geometric characteristics following the study of Boutsikouis C, et al. (2010) (Figure 1 ). 16 This block resin was made through the phase of analysis on the form of frustum cone shaped canal geometry in which the root canal was 18 mm in length, 1.57 mm in orifice diameter, 0.45 mm in apical diameter and 6.2 % of taper (Figure 2 ). 16 The application of Ca(OH) 2 paste in the block resin of root canals was customized. The irrigation solution 18% EDTA used a side vent 30G irrigation needle in which the length of needle was reduced by 3 mm from the length of root canal for 19 seconds using a syringe pump with a flow rate of 0.26 mL/s. The observation of Ca(OH) 2 paste in root canals was carried out based upon the pattern of particle movement in the root canal for 19 seconds.
The research preparation on CFD refers to the reconstruction phase of the geometry form of the first stage in the form of reconstruction of the root canal geometry by forming a geometric model of the root canal CAD following the size formed using SpaceClaim Software (Figure 3 ). This size was consistent with test specimens of root canal used in experimental research.
The reconstruction of the geometric form in the second stage refers to the analysis of the geometric form of the 30G side vent irrigation needle (Prorinse Dentsply) obtained from the results of scanning micro computed tomography (Micro-CT). Irrigation needles were arranged on plasticine with the tip of the 20 mm needle facing upwards and Micro-CT was conducted for 3 hours. The scanning results were reconstructed in the 3D form and the scanning results were verified with 0.30 mm of the external Dext needle, as informed in literature, 17 and was formed into CAD using Spaceclaim Software. The needle length was adjusted to the simulated root canal length reduced by 3 mm (i.e. 15 mm). Irrigation needles would be placed at a distance of 3 mm from the apical end, positioned stable in the middle of the root canal ( Figure 4) . The next step was the formation of mesh and domains of the flow, i.e. the surface of the inlet, outlet, and root canal wall constructed by using Pre-processor CFD Ansys Meshing Software's 17.1. The mesh formation consisted of pre-processing, processing and post-processing stages. The mesh construction used was in the form of 1,319,743 unstructured tetrahedrals arranged in the domain. The fluid flew into the simulated domain through the inlet (sidevent irrigation needle) and flew out through the outlet (root canal orifice) due to the provision of atmospheric pressure at the outlet.
The pre-processing phase started with the transfer of the CAD form of the root canal geometry model and the irrigation needle. Subsequently, the computational domain was formed in the root canal geometry model. The formation of mesh model occurred on the outer surface and volume in root canals and irrigation needles. Evaluation and improvement of mesh quality. Output: mesh, surface boundary, and terming.
The processing phase started by inserting (input) mesh with data of the chemical structure name of 18% EDTA fluid and Ca(OH) 2 , the input of the physical and chemical properties of fluid (density, viscosity, and pH), and the result of a chemical reaction to (Ca(OH) 2 . It also included the determination of fluid flow equation models and physical models, numerical parameters, and numerical schemes. It was then continued with the analysis on 18% EDTA solution and root canal paste fully filled with Ca(OH) 2 medicament and the needle fully filled with an irrigated solution. The impact of gravitation was inserted in the simulation as the potential energy occurred in the flow. The laboratory analysis was carried out to obtain density, viscosity, and pH values from 18% EDTA solution, and paste (Ca(OH) 2 . Fluid density was calculated using a picnometer, while fluid viscosity was calculated using the falling sphere viscometer. The CFD program was run (running the program) and the growth of errors was monitored. The results were then simulated and an the animation of the EDTA 18% irrigation process was made towards Ca(OH) 2 in root canal using Ansys-Fluent Software.
The post-processing stage was conducted once obtaining animation in the form of the display of domain and mesh geometry. The flow pattern (streamlined and vector), speed contours, pressure contours, 2D image dimensions, and 3D animated videos were then analysed. Subsequently, an observation on output and velocity calculation (contours, vectors, and streamlined), wall shear stress, volume fraction of Ca(OH) 2 medicaments and 18% EDTA solution and validation of the results of CFD research on experimental research were done. The calculation of CFD simulation was carried out using timestep for 10-3 seconds given in real-time flow before 0.1 seconds. The maximum scale of the convergence criterion was set at 10-4. The volume and velocity fractions were monitored every timestep to ensure an adequate convergence. Computing was done using the computer of Intel Xeon Processor 12 Core @ 2.00 GHz 128GB DDR3 ECC RAM 64bit Operating System. The flow field was calculated to see the flow patterns, velocity magnitude, wall shear stress, and fluid volume fraction. Lagrangian particle tracking was also carried out at this stage. Tracking was done on the path of massless particles in the flow domain from the inlet to the outlet.
The results of the study were validated with the results of CFD research in the form of 
RESULTS
Experimental research was carried out using customized block resin specimens (Figure 1 ). Eighteen percent EDTA solution was injected into the root canal containing Ca(OH) 2 The laboratory analysis of 18% EDTA solution had a density of 1.08 g/cm3, viscosity of 0.178 cps, and pH of 7.80. The results of laboratory calculations on the of Ca(OH) 2 medicament with a ratio of 1:1 used a distillation water vehicle including the density of 1.34 g/cm3, viscosity of 977 cps, and pH 12.73 (Table 1) .
This research is included in a research with the "Multispecies" stream. Multispecies describes the use of fluids with different types, namely 18% EDTA solution and Ca(OH) 2 paste in the root canal. The resulted data included a CAD design of the geometric root canal model (Figure 3) as well as the results of the CAD irrigation needle design using the spaceclaim software from the MICRO-CT scanning results included in processing data. Ansys Fluent 17.1 CFD Code (Ansys Inc, USA) was used to prepare and solve problems and analyze the results of this study. The Navier-Stokes equation describing incompressible, three-dimensional, and time-based fluid flow was solved by the iterative solver. The mathematical solution method used was a finite volume approach. Figure 7 shows a streamline of 18% EDTA irrigation solution in the root canal. The streamline of 18% EDTA irrigation solution showed a unique behavior due to the characteristics of the side vent irrigation needle. The irrigation flow in the coronal area of the inlet (side vent irrigation needle) showed low velocity leading the flow of fluid when exiting from the inlet mostly went towards the apical rather than towards the outlet (root canal orifice). Figure 7 A-C show a streamline flow of 4 frames of time based upon the initial envy entering through the needle inlets -a condition when fluid volume fraction reached 50%, and one third apical area began to form the dead zones. The analysis on the streamline velocity of irrigation in the z component direction of the cross section of the long root canal axis (z axis) showed the depth of the movement of the irrigation flow. The results of the analysis showed that irrigation at 4 frames of that time could not reach the distance to the root canal apex beyond the distance of 1-1.5 mm from the apical end of the irrigation needle. 
DISCUSSION
The development of science and technology in the endodontics field has been influenced by method and model of research in which the clinical trials and laboratory research complement to each other purposely to improve the quality of endodontic treatment. The difference between the two is difficult to be controlled between clinical conditions (in vivo) such as root canals in the oral cavity and laboratory conditions (in vitro). The difference between these methods can be narrowed by the research on physical realism. The Computational Fluid Dynamics (CFD) method refers to a method and model in endodontic research that can help to understand the dynamics of fluid movement in the root canal. Commonly, fluid flow is studied through one of the following three ways: experimental fluid dynamics; theoretical fluid dynamics; and computational fluid dynamics. CFD refers to a science that focuses on predicting the phenomenon of fluid flow movements (hydrodynamic phenomenon). The above reason has led the researchers to select the CFD method considering that this method is able to see the movement of irrigation solution in the root canal that is a 3-dimensional area that is difficult to be observed with experimental research. 8, 11 Research on CFDs has produced the detailed (numerical) and comprehensive parameters regarding the physical phenomenon in the root canal including the direction of flow vectors, contours of flow movements, streamline flow, wall shear root canal stress, and volume fraction between solution and medicament in root canal based upon the period of time of the research.
CFD validation must be done with the results of experimental research from the model as studied by Li.P et al. (2013) and Gao et al. (2009) in their research using high-speed camera techniques. This study used a high-speed Super Slow Motion (Sony NEX-FS700R) 960 frame/second camcorder for 19 seconds with the help of a 105-mm macro lens and a 5400K super bright LED panel. 12, 13 In this research, the description of the flow of irrigation solution in the root canal was evaluated by two methods, namely the CFD method and the experimental method using slow motion recording. The detailed comparison of the flow generated by CFD and slow motion recording was conducted for the validation of the results of CFD study, so that CFD research was in line with or approached with real condition with an error value less than 10 -4 . The suitability of CFD and experimental rese arch can be seen from the pattern of fluid flow move ment in cleaning Ca(OH) 2 in the root canals. The result of the validation from this study indicated the suitability of CFD research with the experimental research.
The time difference between experimental research and CFD research was probably due to the chemical reaction rate parameters between 18% EDTA solution and the Ca(OH) 2 medicament not included in the CFD research. Further research is suggested to include the reaction rate parameters so that the research time between experimental research and CFD research will be appropriate but in this study the time interval between experimental research and CFD research has shown a similar value, thus increasing the validity of CFD research on the experiment.
The streamline of irrigation solution illustrates the path of massless particles originating coming from the inlet of irrigation needle with color according to the velocity quantity of the irrigation solution flow in the root canal. The description of irrigation solution streamline in this study showd a unique behavior due to the characteristics of the side vent irrigation needle shape. The description of movement of fluid flow showed the flow of irrigation material formed in the lumen of the needle before reaching the needle inlet, and then formed a jet stream that rubbed against the side facing the needle inlet due to impulsive changes in the flow area. The jet stream flew towards the tip of the needle and rotated to follow the angle shape of the tip of the irrigation needle. This phenomenon is known as Moffat's corner vortices, and then flew through the back of the inlet (side vent irrigation needle) to the outlet of the root canal orifice. The irrigation process removed bacteria, debris, biofilms, and medicaments in the root canal due to the rinsing effect of irrigation (irrigant flushing effect). 12, 15, 16 The apical tierce area is an important area for the success of endodontic treatment. This study resulted in ineffective hygiene in the area of the apical tierce area especially in the end of the root canal to 1-1.5 mm from the tip of the irrigation needle. These results were consistent with the study of Boutsioukis et al. (2009) that the movement of irrigation solutions is very limited in the apical part of the root canal. 17 The researcher stated that efforts to increase the inlet velocity can make the irrigation solution movement more efficiently, but this effect is limited to only 1-1.5 mm of apical direction from the tip of the irrigation needle. 8, 17 CONCLUSION This research showed the conformity between the streamline characteristics in the 18% EDTA of irrigation solution flow to the removal of Ca(OH) 2 between experimental research and the CPD analysis with a pattern corresponding to the fluid flow at 5, 10, 15 and 20 seconds.
